Abstract _The Standard Progressive Matrices (SPM) 
INTRODUCTION
The first version of the SPM test that was developed by John Raven and his assistants appeared in 1938. Ever since, it has been used extensively, as an important IQ group measure, in assessment and diagnosis in educational, clinical and professional contexts throughout the world. Besides, it was adapted to serve the same purposes in Arabic countries. It was standardized in the Sudan based on the classical theory in psychological and educational measurement in 1998 [1] . Ever since, it has been used extensively in the Sudan in identifying gifted individuals and in educational and psychological research. Also it has been used in many other fields that require assessment of intelligence: educational, clinical, professional and military.
However, despite its great importance, the SPM test, like other intelligence measures developed in the light of the classical theory of measurement, received many criticisms. Measures developed in the light of the classical theory of measurement are criticized for not achieving objectivity of measurement. According to advocators of recent trends in psychological measurement, measurement cannot be objective unless the results taken from the test are independent of the test itself [2] , [3] .
A group of researchers and experts [4] , [5] , [6] , [7] summarized the drawbacks of the classical theory of measurement as follows: 1-The total test score is restricted to test items. That is, the score one obtains on a given test is dependent on the same test. Thus, if an individual achieves a score of 23 on a given test, we cannot confirm that the same individual will obtain the same score (23) on another test measuring the same variable. This indicates that an individual's score differs if different items are used.
2-Lack of linearity of measurement. Linearity of measurement means that there is a constant rate of measurement hierarchy on the measured variable continuum. That is, the scores an individual obtains can be summed as if they represented a linear measure. In classical theory, individuals' scores do not give linear measurements. 3-Measurement of more than one dimension. Physical measures are known to measure a unilateral variable. This is not the case with measured developed in the light of the classical theory.
Uniformity of test scores along the level of the measured variable. The classical theory postulates that test scores represent a linear function, i.e., the higher the individual's ability, the higher his / her score and vice versa. However it was found in some cases that low level individuals may answer items above their level correctly and vice versa.
The meaning of test items varies with time. It is known that classical test items are affected by variable environmental circumstances and non-standardized test conditions. If any of the test items is deleted, the individual's score differs in a way that is difficult to predict. Lack of constant measurement unit since measurement points are not placed on the variable continuum linearly. That individuals' scores are dependent on test items may result in the distance between any two successive scores being different. This results in the variability of the quantitative meaning of any specified difference across a range of test scores [8] .
The characteristics of test items are affected by test takers' ability. That is, difficulty and discrimination coefficients vary according to test takers' ability. Hence, an item can be easy for given test takers and difficult for others. In case the sample is relatively homogeneous, discrimination coefficients tend to be lower compared to a heterogeneous sample [9] . The test taker's total score is affected by test items. Test takers obtain higher scores if test items are easy and vice versa. This does not give a true picture of the individual's ability. That is why the outcomes of measurement differ from test to another [10] .
Comparison among test takers in the trait or ability measured is limited to the application of the same test items or a equivalent set of items to all test takers. Thus, we cannot compare ability levels if test takers answer items with different difficulty levels [11] . Test reliability is affected by the testing situation since reliability, according to this theory, is established by administering the test twice or administering an equivalent version of the test. However, the testing situation of the two applications can be somewhat different and the development of completely corresponding versions of the same test is next to impossible [9] .
Uniformity of measurement error variance for all test takers regardless of the fact that the performance of some test takers can be more consistent than others' performance and that the degree of this consistency varies according to test takers' ability level or the ability level measured by the test [12] . This theory does not provide a psychological explanation of how the individual attempts to answer a test item even though such explanation is necessary if we desire to predict the characteristics of scores drawn from a given population or various populations or if we wish to design tests with psychometric characteristics that suit any given population. Additionally, the meaning of test items varies with time due to changes in environmental and testing circumstances. Changing or deleting any test item changes test takers' scores. Such change in scores is difficult to predict [5] .
All characteristics of the tests developed in the light of the traditional theory such as coefficients of difficulty, discrimination and reliability depend on the characteristics of test takers and test items [13] .
With the advent of the modern theory of psychological measurement known as Latent Trait Theory or Item Response Theory in the 1960s, researchers started to update classical IQ tests according to the modern theory of measurement (e.g. Chissom & Hones [14] , Nenty [15] , El-Korashy [16] , Hernandez [17] , Zimowski & Wothke [18] , Abo Jarad [19] , Abo Moslem [20] , Jad Arrab [21] , Hegazi & Bany Atta [22] , Zikri [23] ,Zikri [24] ,Ashafey & Nour Edin [25] , Atteriri [2] ,Alaam [5] ; Nour Edin [26] , Masoud [27] .
Similarly, researchers have been concerned with adapting the SPM test in the light of the modern theory of measurement. Many researchers have attempted to adapt the SPM test according to RM, e.g., the study conducted by Tse and Phillipson [28] on gifted students in Hong Kong and studies concerned with heredity like the one done by van Leeuwen, van den Berg and Boomsma [29] in which they tackled intelligence heredity.
A. STATEMENT OF THE PROBLEM
Concurring with the trend of updating intelligence tests developed according to the classical theory of measurement in the light of recent theories, the present researcher sought to recalibrate and restandardize the progressive matrices test in the light of RM as this test is the most widely used in the Sudan. More specifically, the study addressed the following questions: 
B. SIGNIFICANCE OF THE STUDY
The significance of the study springs from the fact that it addresses an important topic in the development of psychological and educational assessments. The adaptation of traditional assessments in the light of modern theories of measurement deserves serious research efforts.
The study is also expected to provide the mental measurement field in the Sudan with an instrument with good psychometric characteristics. The study can urge similar research attempts on the revalidation of traditional assessments based on RM and other modern theories of measurement (e.g. item response theory) at the regional and international levels.
C. TERMINOLOGY The Standard Progressive Matrices Test
It is one of the three matrices tests (colored, advanced and normal) that was developed by the English psychologist John Raven [30] . Raven published the first version of the matrices in 1938 and pursued this effort with his students for 30 syears until his death in 1970. Raven's matrices are of the non-verbal intelligence tests. Mainly it is a group test but it can also be applied individually. It measures mental competence when administered as a timed test and mental capacity if administered untimed [31] . The test consists of 60 items divided into five groups graded based on difficulty.
Rash Model
It is one of the most important latent traits models. Latent traits is a theory that postulates the existence of one (or more) basic trait that identifies one's response to test items. It was named latent traits (or abilities in cognitive tests) because they are not subject to direct observation or measurement. Factorial analysis is known to be the best methods for identifying latent traits. RM is the only one-parameter latent trait model since objectivity requirements are secured when the model's hypotheses are met: unilateralism, independence of measurement and the parallelism of slopes that are characteristic of items. It is also referred to as one-parameter model. It was developed by George Rasch. It is concerned with locating the test item on the difficulty scale of all test items. It is also concerned with calibrating one's ability levels on a given test on the same item scale.
The underlying idea in the model is that each item holds an emotional charge that contributes with other items in the scale in forming an overall emotional charge that indicates one's direction in accordance with his/her estimation of that item based on the number of calibration categories in the scale. The model estimates the charge of each item according to the probable mathematical function adopted in the model. The alignment of items with the model is then verified [32] . RM is based on the interaction between individuals' traits and difficulty of items. The results of interaction are represented in observable responses through which the calibration of items and individuals' estimations can be identified Alaam [13] , Kathem [33] .
D. CALIBRATION
Calibration means estimating the difficulty of items and assessing their scores' alignment with the used model, and making use of this in estimating individuals' traits [13] .
E. STANDARDIZATION
Standardization refers to identifying test conditions accurately, so one way is used in applying the test, scoring it and interpreting obtained scores. This entails controlling for all variables that can affect results, so results can be used to attribute differences among individuals to individual's traits and not other variables [34] . Standardization involves the scale's objectivity, criteria, means, reliability and validity.
II.
REVIEW OF LITERATURE
Gallini [35] used Rash's one-parameter model in analyzing the items of the progressive matrices test. The study aimed to test the extent to which the observed performance fit with the expected performance on the matrices test using Rash's oneparameter model. The sample consisted of 151 seventh graders. The obtained data were then treated statistically using the Bical program. After the first analysis, 4 subjects were eliminated based on the level of significance (+ or -2). This way, subjects who were not serious were eliminated. Four items were eliminated based on significance (+ or -2.5). This way, unsuitable items were eliminated. The difficulty of the items ranged between -16 to 4.4 logits. Results revealed low homogeneity among test items calibrated according to Rash model where dual correlation coefficients ranged between .04 and .57.
The study conducted by Saccuzzo and Johnson [36] aimed to convert raw scores on the normal and advanced forms of Raven's matrices, so they are graded along a common calibration scale using parity with equal percentiles to obtain one common scale that suits the wide range of mental ability. Participants were 261 university students. The study found equivalent scores on the normal and advanced forms of the matrices test, which facilitates the comparison of scores.
Green and Kluever [37] recalibrated the progressive matrices test (the normal and colored forms) to identify the effect of item elements on the relative difficulty of Raven's items. The sample consisted of 269 students and 151 academically gifted seventh graders whose ages ranged between 9.2 and 11.8 years. The researchers used the multiple regression equation to analyze the data represented in the characteristics composing items regardless of the mental processes required for performance after calibrating test items with RM. Results indicated that the regression coefficient of the colored form (.9) is higher than its counterpart of the normal form (.69). It was also found the components of the test items of the progressive matrices test affect the relative difficulty of test difficulty estimations which were obtained through analyzing the test using RM.
Styles and Andrich [38] conducted a study to calibrate Raven's test using RM and merge the normal and colored forms of the test in one measure. The new measure was applied in two modes: the paper-and-pencil mode and computer-adaptive mode. The results of the two modes were then compared in terms of item difficulty estimations and statistics of appropriateness. The sores on the normal form of the test were transformed to scores on the advanced form in both traditional and programmed modes. The test was administered to two samples: 909 students for the traditional mode and 190 for the programmed mode. Each sample was divided into age groups. The resulting instrument was an adapted form of Raven's progressive matrices test with 96 items (60 for normal matrices and 36 for advanced matrices). This adapted test was administered in a traditional mode and a programmed mode to three different groups. The final form of the programmed test consisted of 89 items including 5 preparatory items and 2 items that are lower in difficulty than students' level.
Kubinger, Formann and Farakas [39] examined the psychometric characteristics of Raven's SPM test using RM. The test was given to 527 students whose ages ranged between 8 and 14 years. Only 17 items fitted into RM, whereas 60 items did not. When given to another sample, the 17 items did not fit into the model. The researchers concluded that the relationships among items were not independent of the context in which the items are presented.
In the study conducted by van der Ven and Ellis (2000 cited in Eed, 2005[40] the SPM test was administered to 901 students between 12 and 15 years of age to analyze the 5 subcomponents separately. Three of the 5 subtests (A, C and D) fitted into RM, while the other two (B and E) did not.
Attantawy [41] used RM to adapt Raven's progressive matrices. The sample insisted of 1411 elementary and preparatory school students whose ages ranged between 6 and 13 years. A clear match between the order of the items in the final form of the test and the original form was found. Eleven items did not fit into the model. The final form included 49 items with a reliability coefficient (Kuder-Richardson Equation) of .985.
Eed [40] examined the structure of Raven's advanced progressive matrices test and its shortened form through factor analysis and RM. Two groups were used: one group was given the complete test (N = 500 students: 320 females and 180 males) and the other was given the shortened test (N = 640 students: 416 females and 224 males). Analysis based on RM demonstrated that the complete test did not fit into the mode since approximately half of the items needed to be eliminated. It was also found that the test was not unilateral. Fifteen students of those who took the short form were eliminated as they answered all items correctly. The shortened form proved to have three various factors, i.e. it was not unilateral.
Vigneau and Bors [42] tackled the issue of dimensionality (unidimensionality versus multidimensionality) in the advanced progressive matrices test. They examined dimensionality in the original form of the test (SET II) on a sample including 506 examinees and the shortened form on a sample including 644 examinees using the Principal Component Method and RM. Although results of factor analysis were equivalent, results of RM were more vigorous, thus indicating that the two forms were carefully developed to be multidimensional. Comparison of the two forms revealed an effect of performance context, which makes difficult developing adapted tests form them.
Al-Qafas [43] sought to propose a method to rate individuals' abilities by the scale after calibrated. This method is based on using the difficulty of calibrated items in setting weights to items, so an item's score is not equal to another item's score unless the two items are equal in difficulty. The calibration sample consisted of 312 students ranging in age between 7 and 16 years. The progressive matrices test was administered on the study's basic sample (N = 2099) after calibrated according to RM. The data of the calibration sample was analyzed to develop the scale. The produced sale was then given to the basic sample and the total raw score of each student was converted to an ability using the ability table that calibration produced. Item weights were then computed using item difficulty that calibration produced. The examinee's ability was estimated using the proposed method (the sum of the weights of the items answered correctly). Comments on Reviewed Studies 1. The test has captured researchers' interest throughout the past 3 decades to adapt based on the modern theory of measurement. 2. Some studies were concerned with examining dimensionality in the test, calibrating two tests of the matrices in one test, and suggesting new methods for estimating difficulty or rating individuals' abilities. 3. Studies found that the SPM test in its original form did not fit into Rash model. For the test to fit into the model, from 4 to 11 items had to be eliminated and items had to be reordered. Only one study found 17 fit items. 4. The majority of the studies were concerned with calibrating the test according to Rasch one-parameter model. No study addressed calibration, standardization and extraction of new criteria for the test. What makes the present study of potential value is that it would attempt to extract new criteria for the test after calibrating it according to RM. The new criteria would be estimated by deviated intelligence percentages and t-sore. The present study is also distinguished in that it would use a large sample of students from different age groups (from 6 to 25 years). Finally, the study would use the RUMM 2020 program that is void of the drawbacks in previous statistical programs.
III. METHOD AND PROCEDURES
A. PARTICIPANTS Two groups were used: a calibration group that would be used for calibrating test items and a standardization group that would be used to extract test criteria.
A. The Calibration Group
The test was given to 1200 male and female students (60 for every age group of each gender) ranging in age from 6 to 25 years. All students were from Khartoum.
B. The Standardization Group
This group consisted of 400 male and female students (200 for every age group of each gender) whose ages ranged between 6 and 25 years. All students were from Khartoum.
B. PROCEDURES -The test was given to participants according to the instructions included in the test guide,
-Answers were coded and fed into the PASW 18 statistical program, -Data was treated and fed into the RUMM 2020 program to analyze it using Rasch one-parameter probable logarithmic model and identify the characteristics of the items and individuals. -The criteria explaining individuals' different levels were computed through the standardization group. -T-scores and deviated intelligence percentages (IQ index) matching ability estimates according to Wechsler equation were computed.
IV. RESULTS

First: to answer the first research question: To what extent do the items of the SPM test fit into RM?
The researcher analyzed the 60 items making the test to examine the extent to which items fit into RM using the RUMM 2020 program. What follows are the results in terms of: -Elimination of whole and zero data from the analysis matrix. This included: -Eliminating participants obtaining the full test score since the ability of such individuals exceed the range covered by the test. No such participants were found. Thus, the number of participants remained unchanged (i.e. 1200).
-Eliminating participants obtaining no score since the ability of such individuals is lower than the range covered by the test. No such participants were found.
-Eliminating items to which all participants responded correctly. This resulted in eliminating the first item which is presented to examinees as an illustrative example of how to answer items. This left the test with 59 items.
-Eliminating items to which all participants did not respond correctly as items of this nature have no discriminating power. No items were eliminated for this reason.
-Eliminating participants who do not fit into the model After completing the previous step, analysis began to eliminate participants who do not fit into the model, i.e., participants unfit for the calibration process. This was achieved in the light of the following criteria: -Eliminating participants whose appropriateness value was less than -2. This demonstrates the similarity of the rating obtained by such participants, i.e., their responses are not valid.
-Eliminating participants whose appropriateness value was more than +2. Such respondents exceed the statistically acceptable limit. -The previous two steps resulted in eliminating 30 participants. Thus, 1170 participants remained in the sample. -Eliminating items that do not fit into the model: Data was reanalyzed to eliminate items that do not fit into the model, i.e., to eliminate items having defects that make them unsuitable for calibrating the measured variable. This was done according to the following criteria: -Eliminating items with appropriateness value less than -2.5 as this means that such items are not independent of other test items or that they measure another variable that is very similar to the measured variable. -Eliminating items with appropriateness value more than +2.5 as this signifies that there is a defect in item construction or that the items measures another variable. This analysis was performed several times on different samples. Based on this, 7 items were eliminated: 31-c7, 34-c10, 40-d4, 42-d6, 50-E2, 54-E6, and 60-E12. This procedure left the test with 52 items that fitted into RM. Then the initial characteristics of the test and the participants were extracted as shown in table 1: 
A. VALIDITY OF CALIBRATION
The calibration of items measuring the same trait on a common scale using RM means that they measure one variable. This unidimensionality of measurement in RM secures calibration validity of items in measuring the intended variable. It also ascertains calibration validity of individuals' abilities on the variable continuum which is based on the validity of their responses to items [8] . Unidimensionality is met if examinees and items fit into the model based on the criteria of the investigator.
B. FACTORIAL VALIDITY
The researcher conducted factor analysis on the calibration sample using the Maximum Likelihood Method. It was found that KMO equivalence coefficient, Bartlett's test of Spherity and degrees of freedom were .941, 551113.118 and 1326 respectively (p = .000). Analysis also revealed that item communalities were high (they ranged between .423 and .713). The most important finding was that items loaded on six factors and that the latent root of the first factor was .713, explaining 25.912 of total variance. This means that the test is unidimensional. The test appropriateness quality was high (χ² = 4903.379 with degrees of freedom of 768 and significance level of .000). That is, the test proved valid.
C. TEST RELIABILITY
Reliability of Calibration
The calibration of test items on a common scale according to RM after eliminating items and individuals that do not fit into the model means that the model's conditions including independence of measurement are met. This ascertains that difficulty and ability ratings are reliable and that they are not affected by changing the set of variable drawn from the original calibration scale or changing the participants taking the test.
Reliability Coefficient established by the computer program
The RUMM 2020 program establishes reliability according to the traditional theory of measurement. The test yielded an alpha reliability coefficient of .93. Person Separation Index was .928.
Fourth: to answer the fourth research question: What are the criteria of the SPM test after calibrated according to RM?
The researcher established the criteria that explain an individual's ability on the test by extracting t-sores and deviated intelligence percentages according to Wechsler equation. RM only calibrates test items based on whether or not they fit into it and estimates individuals' levels on the test by logit and minf units. Thus, the identification of test criteria was achieved by using group referenced criteria matching ability ratings on the test. Test criteria were established as follows: -Computing the total raw score of each participant in the standardization sample on the final form of the test (52 items), -Converting total raw scores of all participants into matching ability ratings using the table for identifying probable matching ability ratings for each possible total score, -Computing mean and standard deviation of individuals' ability on the test through the minf unit by converting the logit into minf based on the linear conversion equation and -Computing the criteria of t-scores and deviated intelligence percentages for each of the ability ratings as expressed in minf units. The following table shows the results of these procedures: The present study aimed to recalibrate and restandardize the SPM test using Rasch one-parameter model, and to establish different criteria explaining individuals' ability levels. Eight items were eliminated from the test for not fitting into RM. The recalibrated test then included 52 items. The study also established criteria for the test by obtaining tscores and deviated intelligence percentages matching individuals' various ability ratings.
The study therefore made use of the linearity of measurement that characterizes RM where there is one measurement unit for item difficulty and the examinee's ability, the Logit unit. The Logit was converted in the present stuffy into the Minf unit, deviated intelligence percentages and t-scores. The eliminated items were relatively few (8 items) . This finding is similar to the findings of Gallini [35] and Attantawy [41] . The study also found a difference in the order of test items before and after calibration. The order of test items after calibration is more logical.
The study ascertains the assumption that traditional IQ test demonstrate high psychometric characteristics when used with latent trait models. In the respect, the present study concurs with the studies of Abo Jarad [19] , Abo Moslem [20] , Jad Arrab [21] , Zekri [23] , Zekri [24] , Attweiri [2] , Ashafey and Nour Edin [25] , Alaam [5] , Massoud [27] , Chissom and Hones [14] , El-Korashy [16] , Zimowski and Wothke [18] , Nenty [15] , and Hernandez [17] . The results of the calibration of the SPM test show that IQ tests developed in the light of the latent trait theory have high psychometric characteristics. This is reflected on the accuracy of the criteria established for such tests.
The results ascertain the importance of using the latent trait models in analyzing scores of IQ tests. They also ascertain that statistical analyses should not be based only on raw scores. Latent trait models and other modern models of psychological measurement yield more accurate results. This leads to better decision making. Finally, the study ascertained the use of RM in developing group IQ tests. Based on the results reached, the following recommendations are offered: -Using the adapted form of the SPM test that the present study came up with in IQ measurements in Khartoum and using the new standard scores in interpreting individuals' score.
-Using RM in adapting other PM tests and other group IQ tests in the Sudan.
